Abstract Mecistocirrus digitatus and Toxocara vitulorum are common pathogenic nematode parasites of mithun (Bos frontalis). Species identification by morphological features was confirmed by molecular identification of M. digitatus and T. vitulorum. The internal transcribed spacer-2 (ITS-2) region and beta tubulin gene of M. digitatus were polymerase chain reaction (PCR) amplified and sequenced. ITS-2 sequence analysis showed 100% homology with other isolates of M. digitatus and 83% identity with Haemonchus contortus and H. placei, respectively. Likewise, ITS-1 and ITS-2 sequences of T. vitulorum were PCR amplified and sequenced. Sequence analysis of these internal transcribed spacers from five worms of the parasite from mithun showed no intraspecific variations with T. vitulorum isolates from domestic ruminants.
Introduction
Mithun (Bos frontalis) is one of the precious gifts of the rich biodiversity of north-eastern hilly region of India. Due to its congenial atmosphere and climate, north-eastern region can be considered as paradise of parasites. Parasitic gastroenteritis is directly and indirectly associated with morbidity and mortality in mithun (Chamuah et al. 2009 ) but very scanty literature is available on gastrointestinal helminth parasites of mithun (Rajkhowa et al. 2005; Tandon et al. 2005; Chamuah et al. 2013 Chamuah et al. , 2015 . Toxocara vitulorum is a large roundworm commonly found in the small intestine of bovid calves in tropical and subtropical regions of the world (Murray et al. 2012 ) and also in temperate regions like Australia and Canada (Goossens et al. 2007) . It is one of the major causes of calf-hood mortality in mithun (Rajkhowa et al. 2003 (Rajkhowa et al. , 2005 . M. digitatus is found mainly in tropical and subtropical regions of Central and South America, Africa, Asia and sporadically in Europe. Incidence varies locally and seasonally. M. digitatus infection is mostly found mixed with other gastrointestinal roundworms like Haemonchus, Cooperia, Ostertagia, Oesophagostomum, etc. This parasite can be seriously harmful for livestock in endemic regions, especially for young stock. Clinical signs are similar to those of Haemonchus species with acute symptoms including anaemia, sometimes hemorrhagic, dark faeces and sub-mandibular oedema. Chronic infection often shows iron-deficiency anaemia, intermittent constipation, loss of appetite, weight loss and progressive wasting. Various studies have reported the presence of M. digitatus infection in cattle and buffaloes in different parts of India (Sreedhar et al. 2009; Bandyopadhyay 2010; Laha 2013) . Morphology supported by molecular characterization of the marker sequences resolves the problem of species and genotype identification. The present work was carried out on the molecular identification of M. digitatus and T. vitulorum based on the internal transcribed spacer (ITS) sequences and beta tubulin gene.
Materials and methods
Adult worms were collected from naturally infected mithun sacrificed at rituals/festivals in Itanagar, Arunachal Pradesh and at post-mortem of the dead animals at Nagaland, northeastern region of India. Gross specimens of these nematodes were collected in normal saline and cleared in Langhan's lactophenol and identified microscopically based on morphological features (Soulsby 1986 ). The worms were thoroughly washed with PBS (pH 7.0) and were preserved in 70% ethanol for DNA extraction and stored at -20°C until use. The genomic DNA was extracted from individual adult worms using a commercial genomic DNA extraction kit (Qiagen, GmbH, Germany) according to the manufacturer's instructions. DNA concentration was measured by nanodrop spectrophotometer and was diluted to a working concentration of 100 ng/ll using 1 ll of this dilution as a template in a PCR reaction.
Amplification of internal transcribed spacers of Toxocara vitulorum
Toxocara vitulorum ITS-1 (590 bp) region was amplified by PCR using primers forward: 5 0 -GTAGGACCTGCG GAAGGATCATT-3 0 and reverse: 5 0 -GCTGCGTTCTTCA TCGAT-3 0 (Murray et al. 2012) . Another marker sequence viz. ITS-2 (550 bp) of the parasite was amplified using forward and reverse primers 5 0 -ATCGAT GAA GAACGC AGC-3 0 and 5 0 -TTAGTTTCTTTTCCTCCGCT-3 0 . Genomic DNA was extracted from 20 mg tissue of individual adult worms using DNA extraction kit as per manufacturer's instructions. PCR was performed under following conditions: initial denaturation at 94°C for 5 min, 30 cycles of amplification (denaturation at 94°C for 30 s, primer annealing at 60°C for 60 s. and extension at 72°C for 60 s.), followed by a final elongation of the product for 5 min at 72°C. PCR products were checked for size in 1% agarose gel and visualized by 0.5 lg/ml ethidium bromide staining in a gel documentation system.
Amplification of ITS-2 and b-tubulin gene of M. digitatus
Mecistocirrus digitatus ITS-2 region (320 bp) was amplified using primers forward 5 0 -ACGTCTGGTTCAGGGTT GTT-3 0 and reverse -5 0 -TTAGTTTCTTTTCCTCGCCT-3 0 (Stevenson et al. 1995) . Genomic DNA was isolated from the adult worms and PCR was performed in a 50 ll reaction for 30 cycles (Initial denaturation of 95°C for 5 min. followed by denaturation at 95°C for 1 min, primer annealing at 55°C for 60 s. and extension at 72°C for 60 s.), followed by a final elongation of the PCR product 5 min. at 72°C. The purified PCR products were checked for size on 1% agarose gel and sequenced. Another marker sequence b-tubulin isotype-1 gene of M. digitatus was PCR amplified using F1-5 0 -GGCAAA-TATGTCCCACGTGC-3 0 and R1-5 0 -GATCAGCATT-CAGCTGTCCA-3 0 primers (Silvestre and Humbert 2000) under following conditions. Initial denaturation of 95oC for 3 min followed by denaturation at 95°C for 30 s, primer annealing at 55°C for 30 s and extension at 72°C for 45 s, followed by a final elongation of 5 min at 72°C. Nested-PCR was carried out on the primary PCR product with primers F2-5 0 -GGAACAATGGACTCT GTTCG-3 0 and R2-5 0 -GGGAATCGAAGGCAGGTCGT-3 following conditions as described for primary PCR except for primer annealing at 58°C for 45 s.
b-tubulin gene fragment of Haemonchus contortus, collected from goat, was also PCR amplified with primers used for nested-PCR of M. digitatus b-tubulin. Restriction fragment length polymorphism (RFLP) of nested-PCR products of b-tubulin gene of M. digitatus and H. contortus was carried out with RsaI restriction enzyme. The restriction digested products were electrophoresed in 1% agarose gel to study the specific restriction digestion pattern for identification of the species. The PCR products of b-tubulin gene of both M digitatus and H. controtus were cloned into pTZ57R/T cloning vector (Thermo Fisher Scientific, USA) and sequenced.
Sequence analysis
Sequences of the above markers used for parasite species identification were determined at DNA sequencing facility, Delhi University, South Campus, New Delhi. The sequence information was analyzed using DNASTAR, Gene tool software and Basic local alignment search tool (BLAST, NCBI).
Results
Post-mortem examination of 110 mithun from Arunachal Pradesh and Nagaland states of the north-east region showed 4 animals (3.63%) positive for T. vitulorum, with an equal number of animals harbouring M. digitatus. Species identification of the nematodes was done by microscopic examination of both the male and female worms (Figs. 1, 2, 3, 4 ).
Molecular identification of M. digitatus based on b-tubulin gene isotype-1 and ITS-2 sequencing
PCR-RFLP of b-tubulin isotype-1 gene was used for identification of the parasite. b-tubulin isotype-1 gene fragment was PCR amplified from the genomic DNA isolated from M. digitatus. A specific product at 840 bp was obtained in the primary PCR. Nested-PCR on this primary PCR product amplified a product of 787 bp that was subjected to restriction digestion with Rsa1 for differentiation of the species. Rsa1 digestion of this nested-PCR product resulted in 2 bands of 456 and 331 bp. This result was compared with Rsa1 digestion of b-tubulin isotype-1 gene of H. contortus from goat where a different banding pattern (3 bands of 440, 190, and 140 bp) was obtained (Fig. 5) .
ITS-2 was also used as a molecular marker for confirmation of the Mecistocirrus species. ITS-2 sequence of Mecistocirrus worms was amplified by PCR (Fig. 6) . PCR amplified 320 bp ITS-2 product was sequenced that showed 100% homology with ITS-2 sequence of M. digitatus and 83% identity with the ITS-2 sequence of H. contortus and H. placei, respectively. Twenty worms were randomly sequenced for ITS-2 for confirmation of the species that showed all the specimens were M. digitatus.
Molecular identification of T. vitulorum
Two internal transcribed spacers (ITS-1, 590 bp and ITS-2, 550 bp) of T. vitulorum were PCR amplified (Figs. 7, 8 ). Sequence analysis of these internal transcribed spacers from five specimens showed no intraspecific variations, when compared with T. vitulorum ITS sequences from domestic ruminants available in the database. 
Discussion
Mecistocirrus digitatus worms recovered from the mithun were identified morphologically and their morphological features were similar to the ones described by Baylis (1936) from cattle. Based on the sequence data of ITS-2 and b tubulin gene, the worms collected from the mithun in Nagaland and Arunachal Pradesh were identified as M. digitatus. PCR-RFLP is a simple molecular tool for identification of the parasite species and in the present study also it differentiated M. digitatus from H. contortus on restriction digestion of b -tubulin gene with Rsa1 enzyme producing 4 and 3 restriction fragments, respectively. b-tubulin gene and ITS-2 region have been used as markers earlier by several workers for differentiating strongyle worms including H. contortus (Silvestre and Humbert 2000) . Twenty worms were randomly sequenced for ITS-2 for confirmation of the species that identified all the specimens as M. digitatus. However, screening of large areas of the north-east region for prevalence of both H. contortus and M. digitatus based on the molecular probes is required for epidemiological studies of both these parasites in mithun.
Toxocara vitulorum is a large roundworm commonly found in the small intestine of bovid calves in tropical and subtropical regions of the world (Murray et al. 2012 ) and also in temperate regions like Australia and Canada (Goossens et al. 2007 ). Using ITS-1 and ITS-2 as markers for identification of the T. vitulorum, the mithun isolate showed 100% sequence homology with the T. vitulorum ITS1 and ITS-2 of cattle and buffaloes. Based on the sequence of ITS-2 and part of the large sub-unit 28S region, Wickramasinghe et al. (2009) differentiated T. vitulorum from T. canis, showing 88% nucleotide similarity between the two species. Hence, ITS-2 could be a useful molecular marker for species differentiation. Murray et al. (2012) also used ITS-1 and ITS-2 for molecular characterization of T. vitulorum from American bison. In the present study also both ITS-1 and ITS-2 unequivocally differentiated T. vitulorum from other species of the genus like T. canis and T. cati.
